The normal urinary tract is resistant to colonisation by bacteria.' Presence of significant bacteriuria (> 105 bacteria/ml) is, however, not necessarily indicative of an infection of the urinary tract with serious consequences to the host. In fact, urinary tract infections (UTI) should be regarded as a group of infectious diseases of varying clinical severity and prognosis and therefore they demand different levels of priority-that is, for treatment, investigation, including radiology and follow-up. In patients with obstructive malformation UTI is always potentially dangerous and surgical procedures or other radical measures may be required. This review concentrates on the main group of patients with UTI-that is, those without obstructions of the urine flow, or other obvious underlying defects.
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In school screening programmes the prevalence of significant bacteriuria is around I % in girls.2 3 4 About 3% of all girls will have had at least one symptomatic infection before the age of 10 years. 2 The figures for adult women are similar. In males UTI is less common, but a high frequency is found during the first years of life. 2 There are two main problems associated with UTI: the first is quantitative. A very large proportion of bacterial infections in our society can be ascribed to UTI. Although the majority of infections are undramatic, a large population suffers from recurrent symptomatic UTI and this makes considerable demands on medical resources. The second problem concerns complications, in that some of these patients suffer renal parenchymal reduction resulting in renal insufficiency and hypertension.
The classical radiological sign of renal damage caused by pyelonephritis is calyceal deformity with reduction of the corresponding parenchyma.5 In the epidemiological studies of Winberg et al.2 such changes were found in 5 % of 440 girls followed from their first symptomatic UTI. In a group of 156 boys Accepted for publication 10 December 1980 the frequency of renal scarring was 13%. After follow-up for 8-15 years most of the patients had normal glomerular filtration owing to compensatory hypertrophy of the contralateral kidney.6 About 10-20% had bilateral scarring, however, and these patients in particular run the risk of a progressive renal deterioration or the development of hypertension, or both. 27 We recently reported that glycolipids isolated from human urinary tract epithelial cells inhibit the attachment of E coli to uroepithelial cells from the same donor.31 Globoseries glycolipids, especially globoside, fulfil the criteria of a receptor.25 The binding reaction, however, is complex and isolated pili only partly satisfy the receptor. The density or nature of receptors may explain why E coli bind more efficiently to uroepithelial cells from patients with recurrent UTI than from individuals without UTI. [33] [34] [35] These various bacterial properties are commonly found in E coli causing acute pyelonephritis, but less often in asymptomatic bacteriuria strains; they are likely to be virulence factors, necessary for the bacteria to manifest the infection. In contrast, Proteus mirabilis rarely causes UTI in persons with normal urinary tracts. P mirabilis differs from E coli in bacterial virulence factors. No polysaccharide capsule has been described and P mirabilis also differ from E coli in their capacity to attach to human uroepithelial cells.36 From patients with UTI, P mirabilis attached to the same extent as P mirabilis from other sources such as the stools of healthy carriers or blood of cases with septicaemia. The P mirabilis strains did not attach to transitional epithelium from the bladder but to the squamous epithelium from the outer genital region.36 In addition the attachment was more striking in the midmenstrual period. The inability of P mirabilis to attach to the bladder epithelium may explain its lower virulence compared to E coli.
HOST RESPONSE IN UTI
As in most infections the host defence is activated in response to an attack of UTI. During acute pyelonephritis there is a systemic antibody response. Antibodies against the 0-antigen8 10 and occasionally the K-antigen2' of the infecting strain have been found and recently antibodies to type 1 fimbriae were described.37 A local antibody response consisting of IgG and secretory IgA antibodies can be detected in the urine.38 Antibodies to fimbriae have not so far been found in the urine. Antibodies against several bacterial structures-for example, the 0-antigen or K-antigen, can protect against haematogenous or ascending pyelonephritis in experimental animals.39 40 The antibodies may be of value for the patient either to limit the damage incurred in the course of an infection or to prevent colonisation preceding recurrence. Antibodies in combination with the wash-out effect of the urine may prevent colonisation of the urinary tract.
In patients with many recurrent infections it may be possible to induce a protective immune response by vaccination, as described in animals.39 40 Immunisation could be especially useful for the group who risk renal damage. Such a vaccine should presumably contain a broad selection of antigens including the fimbriae and polysaccharide capsule antigens most commonly found among bacteria causing UTI.
RISK GROUP OF UTI PATIENTS
In our prospective follow-up studies few patients have developed renal parenchymal reduction, possibly because of close supervision and immediate treatment of each symptomatic infection.2 Renal damage that does occur is related to febrile UTI among those patients4l but in the individual case prediction is often difficult. The early attacks of UTI are more often symptomatic than the recurrences which are "asymptomatic" in about 60 %.42 No clinical or laboratory criteria have so far been useful to predict those cases which are to develop renal scarring.
Development of renal scarring is related to vesicoureteric reflux shown by voiding cystourethrography. The risk has been found especially high with dilatation of the refluxing renal unit. 43 The matter is complex, however, and in our material scarring has occurred with low-grade reflux and even with no demonstrable reflux. In addition, reflux has a considerable tendency to disappear during follow-up. 44 In identifying patients at risk, some observations on antibodies against the Tamm-Horsfall urinary glycoprotein are of considerable interest. Patients with acute bacterial pyelonephritis, but not those with acute cystitis, had increasing IgG and IgA antibody concentrations against Tamm-Horsfall protein during the course of the infection, reaching levels well above healthy controls.45 The most marked increase and the highest concentrations were in serum from patients with vesicoureteric reflux. Interestingly, the patients with renal damage and acute pyelonephritis had a poor response, with almost no antibody increase in those with the most severe renal damage (as judged from serum creatinine and glomerular filtration rate).46 47 After the infection, the IgG antibody concentrations of the patients with scarred kidneys fell below the range of the controls and compared to pyelonephritis patients with normal urography, there was no overlapping between the IgG antibody values. The measurement of IgG antibodies against Tamm-Horsfall protein could become a risk group test for the early detection of renal damage.
The rise of autoantibodies against the TammHorsfall protein occurs in almost every case of acute pyelonephritis caused by various E coli and Proteus strains. This observation together with the discovery that all above the age of eight to nine months have such autoantibodies,45 suggest the possibility of a cross-reaction between the Tamm-Horsfall protein and Gram-negative bacteria. In fact we found such a cross-reaction between the Tamm-Horsfall protein and a protein from Gram-negative bacteria.48 Antibody production might be induced by the cross-reacting antigens of colonising intestinal Gram-negative bacteria. This may account for the presence of autoantibodies against the TammHorsfall protein found in all humans. The boost of this antibody response occurring during acute pyelonephritis may be due to the increased exposure of the Tamm-Horsfall protein to the immune system during the parenchymal infection, or to an increase in cross-reacting bacterial antigen.
It is tempting to suggest that the development of renal damage associated with bacterial pyelonephritis is related to autoimmunity to Tamm The bacteria found in patients with asymptomatic bacteriuria lack certain properties found in E coli causing symptomatic UTI. In some patients the bacteria changed to less virulent forms during longterm follow-up without treatment.54 Providing the kidneys were normal at the first radiological investigation, non-treatment of girls with asymptomatic bacteriuria did not lead to deterioration ofthe kidneys during a three-year follow-up. The only patient who developed renal scarring had an attack of acute pyelonephritis due to a new strain, distinct from the asymptomatic bacteriuria strain. 55 Treatment of girls with asymptomatic bacteriuria eradicated the bacteria rapidly in 98 % of the cases. In 48 % asymptomatic bacteriuria recurred at least once, and in 22% it recurred repeatedly. In some cases elimination of the low virulence bacteria allowed a "recurrence" caused by a more virulent strain originating from the stools leading to an attack of acute pyelonephritis. This was seen especially in girls with renal damage. In the untreated group about 10 % lost the bacteria each year. After five years the incidence of bacteriuria was similar in the treated and non-treated girls.
On the basis of our follow-up studies in children it seems that treatment of girls with a radiologically normal urinary tract is often unnecessary and sometimes even harmful. Criteria of bacterial virulence such as the capacity to attach to uroepithelial cells or presence of capsular substance especially E coli Kl may prove valuable in deciding whether to treat or not. It must be remembered, however, that patients at risk, such as those with established renal scarring, may be "compromised hosts" with an increased sensitivity to bacteria carrying few virulence factors. In such patients all episodes of bacteriuria should be treated.
Conclusions
Combinations of several virulence factors are found on most E coli bacteria causing acute pyelonephritis, but rarely on bacteria isolated from the normal intestinal flora. Examples of virulence factors are: capacity to attach to uroepithelial cells, presence of endotoxin, and presence of polysaccharide capsules. The host defence system against these bacterial components protects against pyelonephritis in experimental models. Induction of protective immunity through vaccination may also be possible in the human and be of special value to the group at risk who are susceptible to renal scarring after kidney infections.
Symptomatic UTI in children may be separated into acute pyelonephritis and acute cystitis. Evaluation of the clinical symptoms together with determination of the non-specific C-reactive protein concentration and renal concentrating capacity are, in our opinion, the best indicators of renal infection. The risk of renal scarring is related to the number of attacks of acute pyelonephritis. Analysis of antibodies against Tamm-Horsfall protein is a useful indicator of the risk of renal scarring, since high antibody concentrations during infection are associated with vesicoureteric reflux and low antibody concentrations and a poor antibody response during an attack of acute pyelonephritis are associated with renal damage. In girls with significant bacteriuria without symptoms, diagnosis of severity is difficult. Asymptomatic bacteriuria may, however, be left untreated in patients with radiologically normal urinary tracts without an increased risk of renal scarring. 
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